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TITLE OF INVENTION 
Process for Coating Substrates 
Field of the Invention 

5 The invention relates to a process for coating substrates in which one 

or more coating layers are applied and cured by near injfra red (NIR) radiation. 
The process can be used in the appKcation of automotive and industrial coatings. 

Description of Related Art 

10 It is known to use coating compositions curable by UV (ultraviolet 

light) radiation in automotive and industrial coating. Coating compositions based 
on binders capable of j&ee-radical polymerization are used in particular. These 
coating compositions generally contain photoinitiators. Coating compositions 
curable by UV radiation are described, for example, in DE-A-198 18 735 and 

15 US-A-5,932,282. 

A known deficiency of UV-curable coatings is that, particularly in the 
case of three-dimensional objects to be coated, insufficient ciuing takes place in 
shadow regions, that is, in areas which are unexposed or underexposed to UV 
radiation. Attempts have been made to remedy this problem by the use of so- 

20 called dual cure systems, that is, binder systems that cure both by UV irradiation 
and by means of a further cross-linking mechanism. Depending on the binder 
system, however, two process steps are sometimes required with these systems for 
complete curing, namely, UV irradiation and in addition a thermal curing phase. 
Examples of dual cure systems are described in WO-A-98/00456 and DE-A-197 

25 09 560. 

Another general deficiency of UV curable coating compositions is 
that yellowing of the resulting coating layers occurs after UV irradiation of 
coating compositions containing photoinitiators. The latter precludes the use of 
UV curable coating compositions particularly as a clear coat or a pale, e.g., v/bite" 
30 pigmented top coat 

UV irradiation and the use of photoinitiators may be avoided by 
thermally initiated curing of the binders capable of firee-radical polymerization. 
Coating compositions based on binders capable of fi:ee-radical polymerization that 
are cured thermally in the usual way in combination with thermal radical initiators 
35 have the disadvantage, however, that insuffiicient curing of the coating layers, if 

^-"^Kin --ilHA i^?^v.^/A -'r^-.'v 

any,^can be obtaiiieci if radical scavengers are used, e.g., light stabilizers (ught 
protecting agents) based on HALS products (HALS = hindered amine light 
stabilizer). The HALS products, actmg as radical scavengers, impede free-radical 
polymerization of the binders. Light stabilizers are a necessary constituent in the 
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of ™w,,e coating composition tor external applications and for 
cortam artenor ^hcations where protection flom the influence of light is 
required. ^ 

tad^tion m fte context of multi-layer coating. Such pmcesses a« described, for 
-cample m DE.A-.99 13 446 and DE-A.199 13 442. Binders used hT^ 1 

bmder systems, for ex«,q,le, based on a hydroxyl and a polyisocyanatc 
component or an epoxide and a polyamihe component It is also possible to use 
bmde^ curable by h.gh.energy mdiation. pmfembly binders capable office- 
radical polymerization. In the latter case, photoinitiators are contained in the 
-a^compositions and irradiation »«. UV niys tai«s place in addition ,„ NIR 

P^le ,0 obtam. usmg coating compositions based on binder systems capable of 
fee.rad.cal polymerization, low-yellowing. My curable coatings suitable for 

NIR radMtion and have sufScieat hardness and a good sui&ce quaUty. 

Summery of the TnvftiiH»n 
This invention is directed to a process for coating substrates by 
applymg at least one coating composition to an optionally precoated substrate and 
then cunng 4e coating layer(s) thus obtained, wherein at least one of the coating 

layers IS produced fe,m a coating composition that contains a binder system 
havmg olefinic double bonds c^able.of free-radical polymerization and havina 
reactive functional groups .^tfain the meaning of addition and/or condensation^ 
reactions, the resin soUds of the coating composition having a C=C-equivalent 
weight from 300 to 10,000, preferably from 300 to 8.000, and curing of this 
these) coating layer(s) is earned out by irradiation with NIR radiation m the wave 
length range 760-1500 mn. 

Detailed Dfe^t-Hprinn of the ff mhn^.s^^,^ 

Surprisingly, it was fomid that, as a result of the irradiation and curing 
accordmg to the invention of coating compositions based on binder systems 
capable of free-radical polymerization and cross-linkable by addition and/or 
condensation reactions with NIR radiation, coatings are obtained that cure rapidly 
and completely, even in the presence of radical scavengers. e.g., Ught stabilizers ' 
based on HALS products. Complete curing of coating compositions based on 
bmdeis capable of fiee-i^cal polymerization in combination with, e.g., light 
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stabilizers based on HALS products could not be obtained hitherto with 
conventional thermal curing methods, e.g., in ovens by means of convection or 
induction drying. 

5 The MR. radiation used according to the invention is short-wave 

in&a-red radiation in the wave length range from about 760 to about 1500 nm^ 
preferably 760 to 1200 nm. Radiation sources for NIR radiation include, for 
example, NIR radiation emitters that are able to emit radiation as a flat, linear or 
point source. NIR radiation emitters of this kind are available commercially (for 

1 0 example, from Adphos). These include, for example, high performance halogen 
radiation emitters with an intensity (radiation output per unit area) of generally 
more than 10 kW/m^ to, for example, 15 MW/m^, preferably from 100 kW/m^ to 
800 kW/m^. For example, the radiation emitters reach a radiation emitter surface 
temperature (coil filament temperature) of more than 2000 °K, preferably, more 

15 than 2900 ^K, e.g., atemperature from 2000 to 3500 '^K. Suitable radiation 

emitters have, for example, an emission spectrum with a mavmnm between 750 
and 1200 nm. 

The coating compositions which may be used in the process 
according to the invention can be cross-linked by chemical means both by free- 
20 radical polymerization of olefinic double bonds and by addition and/or 
condensation reactions of appropriate functional groups. 

The olefinic double bonds capable of free-radical polymerization and 
the fimctional groups that react together in the maimer of addition and/or 
condensation reactions may be contained, in principle, in the same bind^ and/or 
25 in separate binders. 

The fimctional groups that react together in the manner of addition 
and/or condensation reactions will be referred to hereinafter as finrther reactive 
fimctional groups. They axe reactive fimctional groups A and reactive fimctional 
groups B complementary to the latter. Reactive fimctional groups A and reactive 
30 functional groups B may be present in the same binder and/or in separate binders. 

The following variants of the arrangement and combination of the 
olefinic double bonds and of finther reactive fimctional groups A and B in the 
binders are possible, in principle: 

1. Binders having olefinic doxible bonds + separate binders containing fiirther 
35 reactive fimctional groups A and B in any combination; 

2. Binders haviag olefinic double bonds and fiirther reactive fimctional 
groups A + separate binders having olefinic double bonds and finther 
functional grovq)s B and/or separate binders having olefinic double bonds 
and fiirther reactive fimctional groups A and B; 
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Examples of prepolymers or oligomers include (meth)acryloyl- 
functional poly(meth)acrylates, polyurethane (meth)acrylates, polyester 
(meth)acrylates, unsaturated polyesters, polyether (meth)acrylates, silicone 
5 (meth)acrylates, epoxy (metli)aciylates, amino (meth)acrylates and melamine 
(meth)acrylates. The number-average molecular mass Mn of these compounds 
may be, for example, 500 to 10,000 g/mole, preferably, 500 to 5000 g/mole. The 
binders may be used on their own or in mixture. 

Compounds containing double bonds capable of free-radical 

10 polymerization in the form of (meth)acfyloyl groups may be obtained by 

conventional methods, for example, by reaction of di- or polyepoxideSj glycidyl- 
fimctional polyesters, polyurefhanes and/or poly(meth)acrylates with 
(meth)acrylic acid. These and other methods of preparation are described in the 
literature and are known to the skilled persorL 

15 The prepolymers may be used in combination wilh reactive thinners, 

that is, low molecular weight compounds capable of free-radical polymerization 
with a molecular mass below 500 g/mole. The reactive thinners may be mono-, di- 
or polyimsaturated. Examples of monoimsaturated reactive thinners include: 
(meth)acrylic acid and esters thereof, maleic acid and half esters thereof, vinyl 

20 acetate, vinyl ether, substituted vinyl ureas, styrene, vinyl toluene. Examples of 
diunsaturated reactive thirmers include: di(meth)acrylates, such as, alkylene glycol 
di(meth)acrylate, polyethylene glycol di(meth)acrylate, butane 1,3-diol 
di(meth)acrylate, vinyl (meth)acrylate, allyl (meth)acrylate, divinylbeuzene, 
dipropylene glycol di(meth)acrylate, hexane diol di(ineth)acrylate. Examples of 

25 polyimsaturated reactive timmers include: glycerol tri(meth)acrylate, 

trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate, and 
pentaerythiitol tetra(meth)acrylate. The reactive thinners may be used alone or in 
mixture. 

The coating compositions, which may be used in the process 
30 according to the invention, may contain one or more binders according to variant 
I that contain functional groiq>s cross-linkable by addition and/or condensation 
reactions and are free from olefinic double bonds capable of free-radical 
polymerization. 

The addition and/or condensation reactions in the above mentioned 
35 meaning are cross-lirddng reactions in coatings chemistry known to the skilled 
person, such as, ring-opening addition of an epoxide group to a carboxyl group 
with the formation of an ester group and an hydoxyl group, the addition of an 
hydroxyl group to an isocyanate group with the formation of a urethane group, the 
addition of an optionally blocked amino group to an isocyanate group with the 
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formation of a urea group, the reaction of an hydroxyl group with a blocked 
isocyanate group witii tiie formation of a urethane group and dissociation of tiie 
blockmg agent, the reaction of an hydroxyl group with an N-methylol group vdth 
5 dissociation of water, the reaction of an hydroxyl group with an N-methylol etiier 
groiq, with dissociation of the etherification alcohol, flie transesterification 
reaction of an hydroxyl groiq) witii an ester group witii dissociation of the 
esteiification alcohol, tiie transuretiianization reaction of an hydroxyl group witii a 
carbamate group witii alcohol dissociation, tiie reaction of a carbamate group witii 
10 an N-metiiylol ether groiq, with dissociation of the etiierification alcohol tiie 

addition of an amino groiq> to an epoxy gmup witii ring opening and fomiation of 
a secondary hydroxyl groiq,, and tiie addition reaction of an amino group or of an 
aceto acetyl group to a group witii olefinically unsaturated double bonds, e.g., an 
acryloyl group. 

15 Suitable binders tiiat contain functional gix)ups cross-linkable by 

addition and/or condensation reactions and are fee fiom olefinic double bonds 
capable of free-radical polymerization include conventional binders and cross- 
linkmg agents of the kind known to tiie coatings skiUed person for the appropriate 
apphcation. TTie binders must merely be provided witii tiie appropriate functional 
groups. Examples of suitable functional groups include the foUowing: hydroxyl. 
isocyanate (optionaUy blocked), N-methylol, N-metiiylolether, ester, carbamate 
epoxy, amino (optionally blocked), acetoacetyl, carboxyl groups and groups 
having olefinic double bonds, e.g., acryloyl groups. The fimctional poups that 
react witii one anotiier may be contained in the same binder and/or in separate 
bmders. In tiie case of one-conqionent binders, for example. OH groups and 
blocked isocyanate grorxps or OH groups and metiiylol ether groups may be 
contained in tiie same binder. In tiie case of two-component binders, (e.g., 
hydroxy- and isocyanate-functional or epoxy- and amino-functional), tiie ' 
functional groups A and B fliat react witii one anotiier must be contained in 
30 separate hinders. 

At tiiis juncture a more detailed discussion should take place once 

again about tiie case where flie further reactive functional groups A or B are 
groups having olefinic double bonds, e.g., acryloyl groiqis. A combined cross- 
linking mechanism should be taken to mean here tiiat, after free-radical 
35 polymerization of tiie olefinic double bonds initiated by NIR irradiation, 
optionaUy remaining unreacted double bonds may continue to react with 
appropriate reactive groups, e.g., amino groups. Double bonds that have not 
reacted after NIR irradiation may occur, for example, on coated places which have 
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been unexposed or insufSciently exposed to NIR radiation, e.g., due to a 
complicated substrate geometry. 
Variant 2: 

5 The coating compositions that can be used in the process according to 

the invention may, according to variant 2, contain one or more binders that 
contain both olefinic double bonds capable of fiee-radical polymerization and 
further functional groups cross-linkable by addition and/or condensation 
reactions. These binders may be, for example, the binders having double bonds 
1 0 already described above that were modified with other ^propriate further 

functional groiq)s A and/or B of the kind already enumerated above. Methods for 
the preparation of binders with double bonds enable of free-radical 
polymerization and further functional groups are known to the skilled person. 
Variants: 

15 The binders that may be used according to variant 3, namely binders 

having olefinic double bonds and further reactive functional groups A and binders 
having further reactive functional groups B, are those of the kind already 
described above ici the explanation of variants 1 and 2, only in combination with 
other binders. 

20 Variant 4: 

The binders that may be used according to variant 4, namely binders 
having olefinic double bonds and further reactive functional groups A and B, are 
those of the kind already described above in the explanation of variant 2, but not 
in combination wifii other binders. 

25 The binders of variant 4 only include functional groups of one- 

component binders. 

The resin solids of the coating compositions that can be cross-linked 
by chemical means by firee-radical polymerization of olefinic double bonds and by 
addition and/or condensation reactions include the binder system having olefinic 

30 double bonds capable of firee-radical polymerization and having functional groups 
cross-linkable by chemical means by addition and/or condensation reactions, 
wherein the olefinic double bonds and further reactive functional groups may be 
contained in the same and/or separate binders. The resin solids of the coating 
compositions which may be used in the process according to the invention may 

35 also contain physically drying binders. The term physically drying binders means 
those binders which cure solely by the release of solvent from the applied coating 
layer. Physically drying solvent-based or water-thinnable polyurethane, alkyd, 
polyester and/or polyacrylate resins and known to the skilled person may be used 
as physically drying binders. 
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The resin solids of the coating compositions that may be used in the 
process according to the invention may also, in addition, contain reactive thinners 
enable of free-radical polymerization and/or cross-linkable by chemical means 
5 by addition and/or condensation reactions. The resin solids of the coating 

compositions are composed, preferably, of 50 to 100 wt.% of binders capable of 
free-radical polymerization and cross-linkable by chemical means in the manner 
of an addition and/or condensation reaction, 0-30 wL% of physically drying 
binders and 0 — 30 wL% of reactive thiimers, the percentages by weight totalling 
10 lOOwt.%^ 

The equivalent ratio of functional groups A to functional groups B 
maybe 1:5 to 5:1, preferably, 1:3 to 3:1, particularly preferably, 1:1.5 to 1.5:1. 
Various reaction mechanisms listed above by way of example may be combined 
provided that they do not interfere with one another, 

15 The molar ratio of olefinic double bonds to reactive functional groups 

A or B in the binder system may vary widely. It may be, for example 1 :0, 1 to 1 :5, 
preferably 1:0.2 to 1:4. 

The coating compositions which may be used in the process 
according to the invention may be coating compositions in liquid or powder form. 

20 Liquid coating compositions may be waterbome or solvent-based. They may 
contain water and/or organic solvents. In the case of waterbome coating 
compositions, the binders contained may be ionically or nonionically stabilized to 
obtain sufficient water thinnability. Alternatively or in additLon, it is possible to 
obtain water thinnability by means of external emulsifiers. 

25 The organic solvents optionally present in the liquid coating 

compositions are conventional coatmgs solvents. These may origroate from the 
preparation of the binders or they are added separately. Examples of suitable 
solvents include monohydric or polyhydric alcohols, e.g., propanol, butanol, 
hexanol; glycol ethers or esters, e.g., diethylene glycol dialkyl ether, dipropylene 

30 glycol dialkyl ether, in each case with CI to C6-alkyl, ethoxy propanol, butyl 

glycol; glycols, e.g., ethylene glycol, propylene glycol and oligomers thereof, N- 
methylpyrrolidone, and ketones, e.g., methyl ethyl ketone, acetone, 
cyclohexanone; esters such as butyl acetate, isobutyl acetate, amyl acetate, 
aromatic hydrocarbons, xylene, Solvesso® 100 (a mixture of aromatic 

35 hydrocarbons with a boiling range from 155 to 1 85° C) and aliphatic 

hydrocarbons. If, in the case of waterbome coating compositions, organic 
solvents are used in addition, these are preferably water-miscible solvents. 

The liquid coating compositions may be prepared in the conventional 
way by dispersing, mixing and/or homogenizmg the individual constituents. 
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Coating compositions in powder form may be prepared, for example, 
by extruding the powder coating ready-formulated by dry mixing of all the 
required components in the form of a pasty melt, cooling the melt, rough 
5 comminution, fine grinding and followed by optional sieving to the desired 
particle fineness. The coating compositions in powder form nmy also be used as 
aqueous powder coating slurry. 

In order to initiate j&ee-radical polymerization, the coating 
compositions niay contain firee-radical initiators capable of themial activation and 
10 which decompose at different temperatures, depending on the initiator type. 
Examples of such jfree-radical initiators include oiganic peroxides, organic azo 
compoTmds or C-C-splitting initiators, sxich as, dialkyl peroxides, 
peroxocarboxylic acids, peroxodicarbonates, peroxide esters, hydroperoxides, 
ketone peroxides, azodinitriles or benzpinacol silyl ether. Preferred use quantities 
15 of the free-radical initiators are from 0. 1 to 5 wt.%, based on the resin solids. 

Catalysts may also be contained in order to catalyse cross-linking 

•J 

taking place in the manner of an addition/condensation reaction. Examples of such 
catalysts include tin catalysts for OH/NCO cross-linking, e.g., dibutyltin dilaurate, 
Lewis bases for the Michael addition, e.g., amines, such as. diazabicyclooctane or 

20 amidines, such as, diazabicycloundecene and acid catalysts for epoxy/carboxy 
cross-linking, e.g., sulfonic acids. 

The coating compositions that may be used in the process accordir^ 
to the invention may be xmpigmented coatings, e.g., transparent clear coats or 
transparent sealing coatings or pigmented coatings. The term sealing coatings 

25 should be understood in this context to mean coating compositions that are 

applied to liie external coating layer of a coated surface of a substrate in order to 
obtain, for example, a particular mar resistance of a coating. 

The coating compositions may contain fillers and/or transparent and 
color- and/or q)ecial effect-imparting pigments. Suitable color-imparting 

30 pigments include all the conventional coating pigments of an organic or uiorganic 
nature. Examples of inorganic or organic color-imparting pigments include 
titanium dioxide, micronized titanium dioxide, iron oxide pigments, carbon black, 
azo pigments, phthalocyanine pigments, quinacridone or pyrrolopyrrole pigments. 
Examples of special-effect pigments hiclude metallic pigments, e.g., of 

35 aluminium, copper or other metals; interference pigments, such as, metal oxide- 
coated metallic pigments, e.g., titanium dioxide-coated or mixed oxide-coated 
aluminixmi, coated mica, such as, titanixun dioxide-coated mica and graphite 
special-effect pigments. Soluble dyes may also be contained. Examples of suitable 
fillers include silica, aluminium silicate, barium sulfate, calcium carbonate and 
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composition: primer, fOler, base coat, clear coat, one-layer top coat and sealing 
laiyer. 

According to a preferred embodiment, the coating composition used 
5 in the process according to the invention is a clear coat coating composition based 
on a binder system capable of firee-radical polymerization and cross-linkable by 
addition and/or condensation reactions, which is applied to a pigmented base coat 
layer in order to produce a clear coat layer. 

According to a further preferred embodiment, the coating 
10 composition used in the process according to the invention is a one layer top coat 
coating composition based on a binder system capable of free-radical 
polymerization and cross-linkable by addition and/or condensation reactions, 
which is applied to a substrate coated with one or more coating layers, e.g., with a 
primer and/or filler layer in order to produce a pigmented top coat layer. 
15 The coating compositions may be applied in the process according to 

the invention by conventional methods, preferably, by spray coating. 

Suitable substrates include any substrates such as metal and plastic 
substrates, e.g., iron, zinc, aluminium, magnesium, refined steel oi^alloys thereof, 
said polYureiJ^GS^ polycarbonates or polyolefins, but' also include woa 

20 ^^^^^^^f^^ 

When applying the coating compositions to be cured by NIR 
radiation, it is possible to proceed in such a way that, for example, the appropriate 
coating composition based on a binder system capable of free-radical 
polymerization and cross-linkable by addition and/or condensation reactions is 

25 applied initially to the relevant substrate. After application, flashing off may take 
place, e.g., within a period of 3 to 40 minutes at, e.g., 20** C to 80° C. An 
advantage of the process according to the invention is, however, tiiat a flash-off 
phase is not absolutely necessary prior to NIR irradiation. AflCT the optionally 
interposed flash-off phase, irradiation with NIR radiation may then take place. 

30 Irradiation may be continuous or discontinuous (in cycles). 

Irradiation may be carried out, for example, in a conveyor installation 
fitted witii one or more NIR radiation emitters, or with one or more NIR radiation 
emitters positioned in firont of the object to be irradiated or the place to be 
irradiated, or the substrate to be coated and/or the NIR radiation emitter(s) may be 

35 moved relative to one another during irradiation. For example, the substrate to be 
coated may be moved through an irradiation tunnel fitted with one or more NIR 
radiation emitters and/or a robot fitted with one or more NIR radiation emitters 
may guide the NIR radiation erDitter(s) over the substrate surface. 
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of the mvenhon to mnlt.-%er coating may take place in various ways 

a^lr. applied successively in each 

^«ft™ coatmg con^on based on a binder system capable of ftee-radical 

^^rr? ?r"'^'''^^'"'°*«'»"<^«<'"--,ionsand 
«*'charet„becuredbyNIRradia.ion.fheffl,stcoatinglayer,e.g.,abasecoat 
5 ^^-^ybeapphedinitianyandi.radia.edwfthMRradiLoL.^l'rx.^^^ 
the second coadng layer. e.g.. a clear coat layer. n,ay be appHed ,«1 in tJ^ ^' 
uradtated with NK radiation. Alternatively, it is also possible to apply both 
coatmg layers we, m wet. optionaUy witt, an intetposed flash..off phase and to 

coating layers together. e.g.. a complete base coat/clear coat 
I «»nposition. with one or more MR inadiation steps. 

'^=^"P"-°«*»=«alsocpncdvable,forexample.,rtrai™i^ 
a smgle-Iayer top coat ftom acoating composition based on a bmder sysZ 
capable of ftee^cal polymerization and cross-linkable by addition and/or 
ootrfen^ reactions to a filler coating composed of a coating agent based on a 
tader system c^le of ftee-radical polymerizatioa and cross-linkable by 
addition and/or condensation reactions. 

'*'^«>«>°8 composition based on a binder system capable of ftee- 
>ad.«l polymetfaation and cross-linkable by addition and/or condensation 
teaetions which is *, be cm«l by NIR radiation, e.g.. a clear coal coating 

-12- 



wo 02/090001 



PCT/US02/14517 



compound, is applied to a coating layer composed of a further chemically cross- 
linking and/or physically drying coating composition, which is not to be cured 
with NIR radiation, e.g., a base coat coating compound, then the base coat 
5 coating compound, e.g., may be applied initially and cured at temperatures of, for 
example, 20** C -160° C. The clear coat coating composition may then be applied 
and the resulting clear coat coating irradiated with NIR radiation. It is also 
possible, howevCT, to apply the clear coat coating composition wet in wet to the 
base coat layer, optionally after a flash-off phase, and then to carry out NIR 
10 irradiation. 

It is also possible to ^ply any chemically cross-linking and/or 
physically drying coating composition but which contains no binders enable of 
free-radical polymerization, e.g., as a base coat coating compound, to irradiate 
said compoxmd with NIR radiation and then to apply and cure a clear coat coating 

1 5 composition in accordance with the process of tiie invention. 

In order to cure the coating compositions based on binders capable of 
free-radical poljonerization and cross-linkable by addition and/or condensation 
reactions within the scope of the process of the invention it may prove 
advantageous, in addition to NIR irradiation, to apply heat, e.g., after NIR 

20 irradiation, optionally to a restricted area, in order to obtain fuU curing of the 
entire coating surface. 

If coating compositions that do not cortform with the coating 
compositions to be cured according to the invention with NIR radiation based on a 
binder system enable of free-radical polymerization and cross-linkable by 

25 addition and/or condensation reactions are also used in the process of the 

invention, then said coating compositions may be solvent-based, waterbome or 
powder coating compositions. 

The process according to the invention may jSnd application in 
industrial and automotive coating, in the latter case both in automotive OEM 

30 finishing and in automotive refinishing. 

The process according to the invention permits, within a few seconds 
to minutes, rapid curing of coating layers from coating compositions based on a 
binder system capable of free-radical polymerization and cross-linkable by 
addition and/or condensation reactions. Compared with the curing of coating 

35 compositions based on binders that can be cured with free-radicals and 

photoinitiators by means of UV radiation, and compared with dual cure systems 
that can be cured by means of UV radiation, coatings with a lower initial 
yellowing are obtained by the process according to the invention. Moreover, fully 
cured coatings are obtained with tiie process of the invention, even if radical 
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scavengers e.g., light stabilizers based on HALS products, are used in the coating 
compositions employed. Sufficient curing may also be obtained on those places of 
the coated substrate that are imexposed or insufficiently exposed to NIR radiation, 
5 e.g., coated substrate reverse sides or hollows. Pigmented and vmpigmented 
coatings with very good hardness and surface quality are obtained with the 
process according to the invention. A further advantage of the process of the 
mvention is that the use of thermal radical initiators in the coating compositions 
may also be dispensed with in order to obtain the above-mentioned properties. In 
10 view of the non-yellowing or low-yellowing coatings that may be obtained with 
the process according to the invention and the possibility of using light stabilizers 
based on HALS products without havmg to accept the known disadvantages, the 
process accordmg to the mvention may be used particularly advantageously to 
produce clear coat or pigmented top coat layers as the outer coating layers of a 
15 coating composition. 

The invention will be explained in more detail on the basis of the 
examples below. 



Examples 

20 Example 1 

Preparation of clear coats 1-2 

Clear coats (CC 1-2) having the composition given in Table 1 were 
prepared from binders capable of free-radical polymerization, OH-functional 
binders and polyisocyanates. The clear coats contained in eadi case light 
25 stabilizers based on HALS products. 

CC 1 : with thermal radical initiator 
CC 2: with photoinitiator 



Tablet: 

30 



Constituent 


CCl 


CC2 


Setal 1715 VX-74 (1) 


62.7 


62.7 


Ebecryl5129(2) 


33.6 


33.6 


Tinuvin® 400 (3) 


1.3 


1.3 


Tinuvm® 292 (4) 


1.3 


1.3 


Ebecryl 350 (5) 


0.2 


0.2 


Vazo® 88 (6) 


0.9 




Darocur 1173 (7) 




0.9 




100 


100 
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Desmbdur® N 3390 BA 
(91% in butylacetate (8) 


28 


28 



(1) commercial OH-fimctional polyester binder, OH-number 145 mg KOH/g 
(Akzo) 

5 (2) commercial urethane aciylate binder capable of free-radical polymeri2ation 
(UCB) 

(3) commercial UV absorber (2-hydroxyphenyl triazine) (CIBA, ) 
" (4) commercial HALS product (hindered amine) (CIB A) 
(5) commercial leveling agent (acrylized silicone derivative) (UCB) 
1 0 (6) commercial radical initiator (azo compound) (DuPont) 

(7) commercial photoinitiator (2-hydroxy-2-methyH -phenyl-propan-l-one) 
(CIBA) 

(8) commercial isocyanate hardener based on hexamethylene diisocyanate 
(Bayer) 

1 5 The details in the table relate to parts by weight. The clear coats thus prepared 
were adjusted to spray viscosity with butyl acetate. 

Example 2 

A pplication and curing of clear coats 1 -2 
20 Clear coats 1-2 from Example 1 were applied to both sides of test 

sheets coated on both sides with black base coat by spraying in resulting dry layer 
thicknesses of about 30 jim. The clear coats were then flashed off for 10 min in 
each case at 80° C. 
Determination of curing 
25 The applied clear coat 1 on the upper side of the test sheet was 

irradiated according to the invention with a commercial NIR radiation emitter 
. (High-Bum radiation emitter from Adphos, 400 kW/m^ output 100%) for 7 
seconds at a radiation emitter/object distance of 10 cm: 
For comparison purposes: 
30 (a) The applied clear coat 1 was cured in an oven for 20 minutes at 145°C. 
(b) The applied clear coat 2 was irradiated on the upper side of the test sheet 
with a commercial UV radiation emitter (Hg medium-pressure radiation 
emitter from Fusion, 240 W/an, output 100%) for 3 seconds at a radiation 
emitter/object distance of 11 cm. 
35 (c) The applied clear coat 2 was cured in an oven for 20 minutes at 145°C and 
then irradiated on the upper side of the test sheet with a commercial UV 
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radiation emitter (Hg medium-pressure radiation eimtter W 
W/cm. output 100%) for 3 seconds at a radiation emitter/object distance of 
11 cm. 

5 In order to detennine curing, the Kdnig pendulum hardness (PH) was 

determined to DIN 53 157. The results are shown in Table 2. 



Table 2: 



10 



15 



20 



25 





Clear coat 


Curing 


Side 


PH 


acc. to invention 


CCl 


NIR 


Upper side 


84 








Under side 


75 


Comparison a) 


CCl 


Oven 


Upper side 


23 








Under side 


23 


Comparison b) 


CC2 


UV 


Upper side 


27 








Under side 


sticks 


Comparison c) 


CC2 


Oven + UV 


Upper side 


68 








Under side 


28 



The clear coat 1 with HALS products irradiated with NIR radiation 
according to the process of the mvention (whereby only the iqjper side of the test 
sheet was irradiated) exhibited sufBcient curing of the clear coat both on the 
irradiated upper side of the test sheet coated with clear coat and on the non 
irradiated under side of the test sheet coated with clear coat In comparison, clear 
coat 1 (Comparison a) cured thermally in an oven exhibited completely 
insufBcient curing on the upper and under side. Moreover, clear coat 2 with 
HALS products irradiated with UV radiation (whereby only the upper side of the 
test sheet was irradiated) (Comparison b) exhibited insufBcient curing of the clear 
coat on the irradiated upper side of the test sheet coated with clear coat No curing 
took place on the non irradiated under side of the test sheet coated with clear 
coat, the coating remained tacky, so the pendulum hardness could not be 
determined. Clear coat 2 (Comparison a) mitiaUy cured thermaUy in the oven and 
then kradiated with UV radiation on the iqjper side of the test sheet exhibited 
curing on the upper side which was not quite as good as that of clear coat 1 cured 
m only one step by ibe process of the invention, and completely insufficient 
curing on Ihe under side. 



Example 3 
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Preparation of clear coats 3-4 

Clear coats (CC 3-4) having the composition given in Table 3 WCTe 
prepared wifli a bmder containing unsaturated groups capable of free-radical 
5 polymerization and hydroxyl groups and polyisocyanates. The clear coats 
contained light stabilizers based on HALS products. 

CC 3: with thermal radical initiator 

CC 4: with photoinitiator 

10 Table 3: 



Constituent 


CC3 


CC4 


CC5 


IRR351 (1) 


40.4 


40.4 


40.4 


Tinuvin® 292 (2) 


0.6 


0.6 


0.6 


Tinuvm®400(3) 


1.1 


1.1 


1.1 


Ebecryl 350 (4) 


0.2 


0.2 


0.2 


Initiator BK (5) 


0.6 




0.6 


Darociirll73 (6) 




1.6 


1.6 


Ethoxy propyl acetate 


29.7 


28.7 


28.7 


Butyl aicetate 


27.4 


27.4 


26.8 




100 


100 


100 










Desmodur® N 3390 BA 
(91% in butyl acetate (7) 


25 


25 


25 



(1) commercial urethane acrylate, OH-number 75-90 mg KOH/g (UCB) 

(2) commercial HALS product (hindered amine) (CIBA) 

1 5 (3) commercial UV absorber (2-hydroxyphenyl triazine) (CIBA, ) 
(4) commercial leveling agent (acrylized silicone derivative) (UCB) 
. (5) commercial radical initiator (C-C cleaver) (Bayer) 
(6) commercial photoinitiator (2-hydroxy-2-methyH-phenyl-propan-l-one) 
(CIBA) 

20 (7) commercial isocyanate hardener based on hexamethylene diisocyanate 
(Bayer) 

The details in the Table relate to parts by weight. The clear coats thus 
prepared were adjusted to spray viscosity with butyl acetate. 

25 Example 4 
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CJearcoatsS aiid4fiom -> 

ineachcaseatSO-C. '"^ '^*"«'^'»-«='h«.flash«ioffforlO^ 

DetermTnation nf rn^n^ 

irradiated wi A I coTO^m^^ 

emitter/object distance of ^ ' ' ^ ^ -^^on 



10 

emitter/obj< 

For comparison pmposes. 



(a) 

15 



20 



(a) "Reapplied clear coat 3 was cn«.H,-«o 

emitteB'obiectdiaanceofll^ ""-^J*" 3 »oon<b at a radiation 

(c) dear coat 4 was cured in an oven for • 

a« -WW side of the test sheet 1 !^ " ""^^ ""^ 

W/cm. ou4,„t 100%) fcr 3 Zf^T ^"^"^ 240 

li cm. 

a radiation emittei/object distance of 

In order to determine curinc the 
detenninedtoDmss 157. AiteraXtt^B^f"'"".'',"*"^^ 
detennined again after 15 ™ln«es aa^ afterTl^^;^' T ^ 

. 0 min in e^h case and coveting it ^ a^^ I^T^, 

offwilh a paper towel. * '^'^ ^he xylene was then wiped 

The results are shown in Table 4. 
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Curing . 


Side 


PH 


PH after XyT 
after 15 min 


PHafter 
XyT after 2h 


Acc. to invCTtion 
CCS 


NIR 


Upper 


112 


ml06 


111 






Under 


110 


ml02 


106 


Conq^arison d) 
CCS 


Oven 


Upper 


15 


ml7 


ml? 






Under 


15 


ml9 


ml5 


Comparison b) 
CC4 


UV 


Upper 


27 


mSO 


mSO 






Undo* 


sticks 


sticks 


sticks 


Comparison f) 
CC4 


Oven + UV 


Upper 


114 


mll8 


120 






Under 


15 


ml5 


ml9 



m: Marking was observed 



5 

Tlie results obtained may be interpreted in a similar way to the results 
according to Table 2, except to add that comparable hardness results were 
obtained m each case after the xylene test and without the xylene test. The good 
curing result of the clear coats irradiated according to the invention also remained 

1 0 imaffected after the xylene test 

Determination of the mar resistance of the cured clear coats from Table 4 

The mar resistance of the cured samples (PH > 100) was tested in the 
following manner: 

A square piece of felt (3 cm x 5 cm) was coated with 1.5 g of grinding 

1 5 paste (Standohyd fine polishing paste (Standox GmbH) diluted with water: 50 g 
paste + 5 g water). The felt was placed on the coated sheet, weighted with a 2 kg 
weight and drawn horizontally to and fro 20 times over a distance of 13 cm. The 
gloss before and a&sr sciatching was measured at an angle of 20** as a measure of 
mar resistance (micro-TRI-gloss, B YK-Gardener). The residual gloss hi % is 

20 given in Table 5. 
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jacc. to invention 


JCming^ 


Tside ^ 

1 Upper 

JJndcr 

Upper 7 


/Residual ffJ/^cc. 

\ At 
1 


1 Comparison f) J 
|CC4 / 


Oven + UV f 


42 1 

42 j 



Clear coats cured bv th<» r»v>« 
coats c„.ed«.™a,,yi„„„J^,^~«>o«.= inve«.o„3„, 

co^Jy,ood,^i„^„,2_^^°»-2s.eps exhibited 



a 
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What we glftim is* 



1 . A process for coating a substrate which comprises 

5 (a) applying at least one layer of a coating composition to a substrate; 

wherein the coating composition comprises a biader system having 
olefinic double bonds capable of free-radical polymerization and 
having reactive functional groups, within the meaning of addition 
and/or condensation reactions, the resin solids of said coating 
10 composition having a C==C-equivalent weight from 300 to 10,000; and 

(b) curing thes layer of coating composition by irradiation of the layer 
with NIR radiation in the wave length range of 760-1500 nm. 



2. The process according to claim 1, whereby the process forms a multi- 

15 layer coating on a substrate by applying a top coat layer to a substrate that has 
been coated with at least one coating layer, vdiereby the top coat layer comprises 
a color and/or special e£fect-impardng base coat coating composition and a clear 
coat coating composition applied over the base coat coating composition and 
whCTeby at least one of the coating layers being produced from a coating 
20 composition which comprises a binder system having olefinic double bonds 
capable of free-radical polymerization and having reactive ftmctional groups, 
within the meaning of addition and/or condensation reactions, the resin solids of 
said coating composition having a C=C-equivalent weight from 300 to 10,000; 
and curing of the coating layer(s) is carried out by irradiation with NIR radiation 
25 in the wave length range of 760- 1500 nm. 



3. The process according to claim 1, whereby the process forms a multi- 

layer coating on a substrate by ^plying a top coat layer to a substrate that has 
been coated with at least one coating layer, whereby the top coat layer comprises 

30 . a pigmented one-layer top coat coating composition and whereby at least one of 
the coating layers being produced from a coating composition which comprises a 
binder system having olefinic double bonds capable of free-radical polymerization 
and having reactive functional groups, within flie meaning of addition and/or 
condensation reactions, the resin solids of said coating composition having a 

35 C=C-equivalent weight fix)m 300 to 10,000; and curing of the coating layer(s) is 
carried out by uradiation with NIR radiation in the wave length range of 760-1500 
nm. 
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4. The process according to one of the preceding claims, wherein the 
coating composition comprises a binder system having olefinic double bonds 
capable of free-radical polymerization and having reactive functional groups, 

5 within the meaning of addition and/or condensation reactions, the resin solids of 
said coating composition having a C=C-equivalent weight from 300 to 8,000. 

5. The process according to one of the preceding claims, wherein curing 
of the coating layer is carried out by irradiation with NIR radiation in the wave 

10 length range of 760-1200 

6. The process according to one of the preceding claims, wherein 
irradiation of the coating layer is carried out with NIR radiation emitters having 
an intensity (radiation output per unit area) from 10 kW/m^ to 15 MW/m^. 



15 



20 



7. The process according to one of the preceding claims, wherein 

irradiation of the coating layer is carried out with NIR radiation emitters which 
have a radiation emitter surface temperature (coil filament temperature) from 
2000 to 3500 K. 



8. The process according to one of the preceding claims, wherein the 
coating composition comprising a binder systan having olefinic double bonds 
capable of free-radical polymerization and having reactive functional groups 
within the meaning of addition and/or condensation reactions contains radical 

25 scavengers. 

9. The process according to claim 1, wherein the coating composition 
comprising a binder system having olefinic double bonds capable of firee-radical 
polymerization and having reactive functional groups within the meaning of 

30 addition and/or condensation reactions is a clear coat coating composition. 

10. The process according to claim 1, A^erein the coating composition 
comprismg a binder system having olefinic double bonds capable of fi:ee-radical 
polymerization and having reactive functional groxips within the meaning of 

35 addition and/or condensation reactions is a pigmented one-layer top coat coating 
composition. 

1 1 . The process according to one of the preceding claims, wherein it is a 
process for automotive, automotive-part and/or industrial coating. 
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